TRAUMA

Firearm injuries to children in Cape Town
Violence and firearms are common features of South African society. The leading causes of death in this country are violence and homicide. Firearms are the leading external cause of nonnatural deaths [1, 2] and claimed approximately 15 000 lives in 2005. [3] Regrettably children are still being caught up in this epidemic, which is not unique to South Africa. In the USA, over a 10-year period between 1999 and 2010, one study identified 198 firearm injuries to children, with the majority being attributed to accidental causes. [4] It is clear that there is a link between availability of firearms and injuries to children, and that the only way of reducing these injuries is prevention through legislation. [5] In 2004 South Africa introduced legislation in the form of the Firearms Control Act (FCA). [6] The FCA made it more difficult to obtain a firearm, but in recent years the legislation has been coming under fire from opposition groups calling for its removal.
Research has previously been carried out into the epidemiology of firearm injuries in South Africa. A retrospective study from Red Cross War Memorial Children's Hospital (RXH), Cape Town, in 2004 looked at firearm injuries to children in the decade 1991 -2001. [7] The study showed an annual increase in the number of firearm injuries to children throughout that period, highlighting an increasing problem. It concluded that reducing the availability of firearms could have a significant impact on the reduction of firearm injuries in children, and was to prove useful in supporting efforts to strengthen South Africa's national gun laws. The purpose of the present study (January 2001 -January 2011) was to identify the epidemiology of firearm injuries in children and review the clinical details of their presentation, treatment and outcomes. We then assessed the effect of the 2004 FCA by comparing the findings with those of the earlier study.
Methods
RXH provides secondary care for the local population and tertiary services for all hospitals in the Western Cape region (population 4.5 million), and has the only independent level 1 paediatric trauma unit in South Africa. The hospital provides services for children up to 12 years of age.
The Child Accident Prevention Foundation of Southern Africa (CAPFSA) was established in 1987, with the aim of preventing death and injury in South African children through research and lobbying. Since 1991, CAPFSA has kept a database of all patients seen at the RXH Trauma Unit. The database includes demographic information along with details of the cause of injury, age at injury, Injury Severity Score and outcome.
The CAPFSA database was used by two trained researchers to search for and retrieve data for all presentations coded as firearm injuries for the study period January 2001 -January 2011. Data recorded included the patients' names, hospital folder numbers, gender, date of birth, age at presentation, date of presentation, date discharged and total stay in hospital, admission details, type Results. One hundred and sixty-three children presented with firearm injuries during this period. The results showed a decrease in incidence from 2001 to 2010. Older children and males had a higher incidence than younger children and females. Most injuries were to an extremity and were unintentional. Mortality had reduced significantly from the previous study (6% to 2.6%), as did the total number of inpatient days (1 063 to 617). Conclusions. Compared with the earlier study, this study showed a significant reduction in the number of children presenting with a firearm-related injury. Mortality and inpatient stay were also significantly reduced. The study shows the impact that the Firearms Control Act has had in terms of paediatric firearm-related injury and provides evidence that the medical profession can play an important role in reducing violence. of firearm, number of shots received, circumstances of injury, injury sites, type of injury, surgical interventions, resulting morbidities and survival. To achieve continuity the collected data were then analysed in the same form as the initial paper, using a Microsoft Excel database, with simple analyses of means, ranges and percentages. In addition, data from the same period on the number of unnatural deaths in the population under 13 years of age were gathered from the University of Cape Town's Department of Forensic Medicine (Salt River Mortuary).
This retrospective review of a prospectively maintained database was analysed in a similar way to the retrospective database data reported in 2004. [7] Results Between 2001 and 2011, 163 children presented to the RXH Trauma Unit after being injured by a firearm. Data on age, gender and date of attendance were available for all 163 children; 16 had incomplete information regarding certain other aspects of their data. Fig. 1 shows annual attendances of patients with firearm injuries over the study period. It also distinguishes between the types of firearm used, i.e. gun or pellet gun. Fig. 2 illustrates the age distribution of the 163 children. The mean age was 7 years and 8 months. 
Demographics
Sixty-one per cent of the children were male. The circumstances surrounding the firearm injuries for all children are shown in Table 1 . The commonest circumstance was being caught in crossfire.
Injury patterns
One hundred and forty-seven children were injured by 179 shots, of which 32 were from a pellet gun. One hundred and twenty-nine were shot once, 12 twice, 4 three times and 3 more than three times. The distribution of site of injury is shown in Table 2 . Fifty-six per cent of injuries were to an extremity. Twenty-five of the 100 shots to an extremity resulted in an associated fracture. All the eye injuries were from a pellet gun. Of the 26 shots to the head, 12 were to the face, 5 were to the scalp and 8 were intracranial. One location on the head was unknown. The 26 shots to the head resulted in 14 isolated softtissue injuries and 11 soft-tissue injuries with fractures.
Outcome
Admission data were available for 147 children in the study group. Forty-seven were sent home without admission, 81 were admitted to the Trauma Unit, 15 were admitted to the Intensive Care Unit (ICU), and 3 died before being admitted. One child was transferred to another hospital on arrival.
Surgical procedures
Forty-seven patients (32.0% of 147) required a surgical procedure: 31 of these involved debridement of the wound, 7 patients had a laparotomy, and 18 procedures involved removal of a bullet. The majority of the procedures took place under local anaesthesia. Other procedures performed included 2 craniotomies, 8 bowel repairs and 2 plastic surgery reconstructions.
Hospital and ICU stay
Fifteen children were admitted to the ICU. Five had been shot in the abdomen, 5 in the head, 2 in the torso, 2 in an extremity and 1 in the spine. Firearm victims took up a total of 617 inpatient days in hospital as a direct result of their injury. Shots to the abdomen accounted for 169 days, shots to an extremity for 130 days, shots to the head for 143 days, ophthalmic injuries for 11 days, pelvic injuries for 11 days, spinal injuries for 104 days, and shots to the torso for 49 days.
Morbidity
Only one of the 15 patients with ophthalmic injuries had reduced visual acuity.
This was the only morbidity resulting from a pellet gun injury. Four patients sustained peripheral nerve injuries: 1 brachial plexus injury, 1 ulnar nerve palsy, 1 radial nerve palsy and 1 perineal nerve palsy. One patient suffered from cranial nerve palsy. One patient developed a small-bowel obstruction requiring surgical intervention. Four patients suffered severe long-term physical effects of their injury: 1 became paraplegic following a gunshot to the cervical spine, 2 had widespread brain damage due to intracranial injuries, and another with intracranial injury became hemiplegic and died 2 years later from pneumonia.
Deaths
There were 3 hospital deaths. Two patients died after gunshots to the head and 1 from exsanguinating haemorrhage after an injury to the femoral artery in the thigh.
Mortuary data
The data set for the study period was completed from information gathered at the Department of Forensic Medicine (Salt River Mortuary) on numbers of unnatural deaths in children under 13 years of age. A total of 3 034 children died during this period, 33 as a result of gunshot-related injuries. Of the children who died of a gunshot wound, 30 died before they could reach hospital. Of these 30, 19 had an isolated gunshot wound to the head, 7 a single gunshot to the chest, and 1 a single gunshot to the abdomen. Three children died after multiple gunshots. A total of 193 children children were shot during the study period (163 admissions to hospital and 30 to the mortuary).
Discussion
The 1991 -2001 study highlighted numerous determinants of gunshot wounds in children. This study, and numerous others, show that countries with permissive attitudes to gun control have higher rates of paediatric injuries and deaths due to firearms than countries with stricter legislation. [5, 8, 9] In a recent study in the USA, children aged 5 -14 years of age living in states with high levels of gun ownership were 16 times more likely to die from unintentional firearm injury than children living in states with low levels of gun ownership. [8] Since the earlier Cape Number of children, n Year 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 Town study, and as a result of significant mobilisation of civil society via the 'anti-gun lobby' , the South African government's stance on firearms has become stricter, with the aim of reducing firearm-related injuries and deaths. The FCA makes it much more difficult for civilians to acquire a gun. This seems to have had the intended effect of reducing the number of firearms in the general population. One of the aims of our present study was to analyse the impact this legislation has had on paediatric firearm-related injuries.
The earlier Cape Town study [7] showed an increase in the rate of firearm injuries in children over the decade, the figure peaking in the year 2000. Our study shows a decline in total firearm injuries in children from 2001, coinciding with changes in government opinion after 2000 and the legislation introduced in 2004 and demonstrating that strengthening firearm legislation can reduce firearm-related injury. Research in the US supports this conclusion, showing that unintentional firearm-related deaths among children have fallen steadily in that country due to stricter child access prevention laws. [9] We also found that the proportion of firearm injuries caused by guns as opposed to pellet guns decreased significantly over the 10-year study period, as shown in Fig. 1 , although the number of injuries caused by pellet guns remained fairly constant. For example, 7 of the 15 wounds in children attending RXH in 2010 were inflicted by pellet guns, as opposed to 1 out of 29 in 2001. The firearm legislation introduced does not affect ease of acquiring a pellet gun, so numbers of injuries caused by pellet guns would be expected to remain fairly constant, with injuries from guns decreasing as a result of the legislation. The previous study did not distinguish between guns and pellet guns, but this distinction is important because type of firearm affects prognosis. No deaths in our series were caused by pellet guns, and only one pellet gun injury resulted in long-term morbidity (loss of visual acuity after an ophthalmic injury). Fig. 3 shows the number of gunshot wounds in children presenting to RXH from the start of the initial study in 1991 to the end of the present study in 2010. There has been a decrease in incidence after the changes in government opinion in 2000 and the introduction of the FCA in 2004.
The majority of children injured by firearms were males, caught in crossfire close to their own homes. This correlates with the findings of the earlier study. Fig. 2 shows an increase in the incidence of firearm injury with increasing age. The previous study [7] and others [4, 5, 10] concluded that the majority of children suffered unintentional injury (caught in crossfire, hurt when playing with a gun, accidental shots). It was suggested that the fact that the majority of injuries were unintentional demonstrates that ease of access to guns made a major contribution to the incidence of gunshot wounds in children.
Numerous studies have suggested that the older children are, the more likely they are to be injured by a firearm, with the vast majority of gunshot wounds occurring in the age group 13 -19 years. [11, 12] As our study had a cut-off age of 12, we were limited with regard to this comparison; however, we did find an increase in incidence with age. Studies done before the introduction of the legislation showed an increasing number of gunshot wounds among children younger than 13 years. [11, 12] This could have been due to an increase in the incidence of accidental injuries or an increase in the number of children being caught in crossfire.
Lack of information or conflicting information in the patient's history often made it difficult to gather complete data on the circumstances of the shooting. However, our results suggest that the majority of children injured by firearms were caught in crossfire; accidental shootings also made a large contribution. The fact that the majority of children sustained only one gunshot wound supports data suggesting that most were shot unintentionally.
The majority of shots were received to an extremity, corresponding with findings from the previous study and other studies. [7, 13] Twenty-five per cent of gunshot wounds to an extremity resulted in an associated fracture, compared with 39% in the previous 10 years. There were no vascular injuries associated with these fractures. Over the more recent 10-year period, no children with gunshot wounds in an extremity developed a localised skin infection.
Forty-seven patients (32.0%) required a surgical procedure, compared with 54% in the previous study. The majority of these operations involved bullet removal, under local or general anaesthesia. The majority of surgical procedures on the head or abdomen were done under general anaesthesia.
Outcomes
The majority of admissions to the ICU were of patients with head injuries, organ damage or spinal injuries, similar to the previous study. Furthermore, the majority of children who were not admitted received soft-tissue injuries only, usually to an extremity, or were shot by pellet guns.
The total of 617 inpatient days demonstrates the burden firearm injuries in children potentially places on resources at RXH -and this figure does not include outpatient visits for treatment of these injuries. Many studies have highlighted the cost of firearm injuries in children and indicate it to be significant. [14, 15] In comparison to the previous study, the number of inpatient days has fallen by a significant 40%. The mortality rate of 2% shows a significant decrease from the 6% in the previous study. Additionally, the data show a significant decrease in gunshot-related injuries in children since the year 2000. This reduction can in part be explained by the effects of the legislation. In 1994 there were 3.5 million licensed firearms in the hands of 2.4 million individuals, with approximately 1 500 new gun licence applications submitted daily. [16] Applications peaked at the time of the first democratic elections in 1994: 236 033 new gun licences were issued that year. [17] Although there are now 3.7 million licensed firearms, the rate of firearm applications has gradually declined. [18] In the 7-year period after the introduction of the FCA in 2004, fewer than 300 000 new firearm licence applications have been received. Applications do not represent approvals; a 20 -30% refusal rate can be expected (unpublished communication, Central Firearms Registry, 6 October 2011). The result in practical terms is that gun ownership levels have dropped significantly in South Africa over the past decade, with a dramatic reduction in the number of licences granted each month.
Our study population included 12 children with physical complications (8.2%), similar to the prevalence of complications in the previous 10 years. However, psychological and emotional complications also have to be taken into account. These effects have been analysed by Garbarino et al., [19] who found that emotional complications can be as devastating as physical ones.
Conclusions
The previous study concluded that the government should introduce legislation to reduce gun ownership in an attempt to reduce the number of children who sustain firearm-related injuries. [7] New legislation has now been introduced, and the present study demonstrates its effects. The number of children presenting with firearm injuries has fallen significantly, as has the number of deaths. The cost saved by RXH alone is significant, with inpatient days being reduced by 40%. These figures highlight the success of the FCA and provide evidence for the important role civil society can play in reducing gun-related violence through legislation.
